INTRODUCTION
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The most likely alternative to reactor based therapy for both BNCT and BNCS(Boron Neutron Capture Synovectomy), will be accelerator-based neutron sources. Their size, cost, and licensing requirements make accelerators an attractive and feasible candidate for clinical use. Research at MIT's Laboratory for Accelerator Beam Applications (LABA) has focused on various aspects of both BNCT and BNCS. The accelerator used at LABA is a 4.1 Me V tandem accelerator capable of accelerating a beam of protons, deuterons, and alpha particles with an energy resolution of about 100eY.
It is estimated that beam powers of up to 30-40 kW 1 • 2 could be needed for BNCT and 3-5 kW 3 will be needed for BNCS in order to make therapy times reasonable based on target therapeutic doses of 15RBE-Gy in BNCT and 100RBE-Gy in BNCS. Under these conditions a BNCT or BNCS target could be subjected to an average power density (q") as high as 1-2kW/cm 2 • Cooling of a target subjected to such high power densities poses problems that must be overcome if a viable target is to be designed. A simple solution to this problem would be to spread the beam over a large target area to reduce the power density. In both BNCT and BNCS, however, it is necessary for the target to be placed in a moderator/reflector assembly. A target diameter smaller than the moderator diameter is desirable in order to limit neutron leakage from the sides of the moderator. If the size of the target were not as restrictive, the heat removal problem could simply be solved by spreading the beam out over a large area and cooling the target with conventional convective flow. Due to the constraints of the beamline and their respective moderator/reflector assemblies, the targets in use at LABA are currently limited to l5.5cm 2 for BNCT and 5.75cm 2 for BNCS.
Frontiers in Neutron Capture
Lithium and beryllium have to date been the most widely investigated target materials for accelerator neutron production. For BNCT, lithium based targets provide a high flux of relatively soft neutrons compared to beryllium targets which thereby lessens the amount of neutrons lost during the moderation process. Despite this need for extra moderation, beryllium has become the preferred target material at LABA due to its superior thermal and mechanical properties. This paper describes the development and testing of beryllium targets for both BNCT and BNCS at LABA. These targets both utilize a submerged jet-impingement cooling configuration with light water as the working fluid.
TARGET DESIGN
Due to its favorable mechanical and thermal properties, beryllium is well suited as a high power target material for neutron production. It has a high melting point of 1,289°C, while its thermal conductivity of 200W/m-K at 300K is comparable to that of aluminum. It does not react violently with water as does lithium, and it can be machined and fabricated into a working target much more easily than litJ1ium. Submerged jet impingement was considered the most effective means by which to cool a high power target. This cooling configuration consists of injecting a high velocity jet of water through a static region of coolant before striking the center of the target normal to its surface. 4 Conventional convective cooling simply passes a stream of coolant over the target surface. One advantage of submerged jet impingement is that the maximum coolant rates are achieved at the center of the target where the beam strikes. A second advantage over simple convective cooling is that the dynamic pressure created by the fluid striking the target raises the saturation temperature of the coolant and helps delay the critical heat flux (CHF) crisis. Boiling can substantially improve the heat transfer of a convective system as long as CHF is not exceeded. At some point, the heat flux becomes so high that a vapor surface coats the back of the target and the heat transfer decreases abruptly. Failure of the target once CHF has been exceeded is usually prompt and catastrophic.
The BNCT target consists of a circular beryllium disk with an area of l5.5cm 2 and is O.254cm thick. This target is housed in a stainless steel assembly which allows water to enter through the back before returning out the sides as shown in Figure 1 .
The BNCS target assembly consists of a beryllium plug which has a target area of 5.75cm 2 and is 1.905cm thick. In order to fit into the moderator this plug is positioned in a series of three concentric cylinders which allow the water to enter along the beam axis. It is redirected and formed into a jet by a Teflon plug before striking the target and returning back along the beamline axis. Figure 2 illustrates the complete BNCS target assembly placed inside its moderator/reflector.
3.EXPER~NTALPROCEDURE
Both target assemblies have been tested under varying power densities and with different coolant flowrates. Quantifying the heat removal ability of the targets was
